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General Introduction: 
There are two commonly met with types of 
defective eggs laid by the domestic hen that result 
in considerable financial loss to the poultry farmer 
and are frecuent enough in their occurrence to affect 
perceptibly the potential food supply derived from 
the poultry industry. 
The first of these results from the 
inclusion of blood or meat spots in eggs, and the 
second is the production of eggs so small as to make 
the majority of them unsaleable - the so- called 
"Miniature" eggs. 
The presence of blood on the yolk of an egg 
was recorded by Aristotle as early as 300 B. C. and he 
attributed it to premature ovulation. Later, about 
1600 A.D. Fabricius (Adelmann, 1942) during a 
demonstration of "sanguineous" eggs to his anatomy 
class described a liver -coloured body included in an 
egg. The occurrence of blood spots in eggs led both 
these authors to propound the theory that the yolk 
was directly formed from blood. 
Miniature/- 
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Miniature eggs have been noted from time 
immemorial and various superstitions have been 
associated with them, the commonest of these being 
that such eggs were produced by old cocks and 
consequently they were named "Cock Eggs ". It was 
believed that the "Cock Egg ", if incubated, would 
hatch into a basilisk whose very look or breath would 
blast. Miniature eggs were also considered variously 
as good or evil omens. As "Witch Eggs" they were used 
to bring misfortune to an enemy, as "Lucy Eggs" when 
thrown over a building any wish made while the egg 
was still in the air was certain of fulfilment. 
Although both the defects have received 
considerable attention from scientific workers, it 
was thought that new light might be thrown on the 
nature of these abnormalities by consideration of 
their appearance and variation in eggs laid by birds 
of the flock of Brown Leghorns .ins maintained at the 
Institute of Animal Genetics. 
This stock, developed for genetical 
investigations on egg production and other economic 
qualities, has been derived from a few foundation 
birds, and no fresh blood has been introduced to it 
since/ 
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since 1931e The birds are kept intensively with no 
access to ground, and apart from the exigencies 
imposed by the war ,period the flock has been maintained 
on a fixed diet since its inception, 
A number of inbred lines, selected and bred 
for particular characteristics have been carried for 
many years and constant observation and recording has 
provided a large body of reliable scientific material 
from which these investigations take their source. 
Part I. 
Variation in the Distribution of 
the Abnormalities. 
The ai:ni of this phase of the investigation 
was to determine the variations which occurred in the 
incidence (A) of blood and meat spots, and (B) of 
miniature eggs. 
Section A: The Incidence of Blood and ìïeat Spots.: 
In-croduction: 
Although it has long been the opinion of 
poultry keepers that blood and meat spots are a 
consequence of a high rate of egg production Hamnan 
and/- 
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and Day (1933) from their analysis of defects in 
164,831 eggs laid at the West Suffolk egg-laying trials, 
during 1931 -34 found no correlation between the 
productivity of the bird and the incidence of faults. 
They showed also that the occurrence of a particular 
type of defect was an inherent characteristic, not 
only of the individual but of certain strains and was 
not primarily affected by diet or management of the 
stock. Defective eggs exhibited a tendency to increase 
during the summer but the cause of this phenomenon 
could not be established. 
Van Wagenen, Hall and Wilgus (1937) opened 
3,043 eggs laid by Single Comb 1 /bite Leghorns and three 
American breeds, (Barred and White Plymouth Rocks, 
Single Comb _thole Island Reds, and New Hampshires) at 
the Central and Western New York egg- laying tests and 
found that 23.8% contained meat spots and 8.4% blood 
spots. The eggs from the American breeds showed a 
greater incidence of meat spots than those from the 
Single Comb White Leghorn. No significant difference, 
however, was noted among the various breeds in the 
formation of blood spots. Their observations on eggs 
from the Single Comb White Leghorn in these particular 
laying /- 
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laying tests were substantiated by a further analysis 
by there of over 5000 eggs from the Cornell Experiment 
Station flock of Single Comb bite Leghorns. 
Quinn and Godfrey (1940) broke open About 
6,000 eggs from Rhode Island Red , White Leghorn, 
Wbdte Wyandotte and crossbred pullets of these breeds 
and found no significant correlation between percentage 
of blood spots and egg production, egg weight or body 
weight. Their statistical analysis, however, showed 
significant breed and family differences with regard 
to spots both on the yolk and in the albumen. The 
mean percentage of total blood spots in the eggs of 
Rhode Island Red, White Wyandotte, White Leghorn, 
FI (Rhode Island Red x White Wyandotte) and FI 
(White Wyandotte x White Leghorn) was 62, 32, 4, 43 
and 16 per cent respectively. 
Lerner and Smith (1942) candled 152,570 
' eggs from a flock of Single Comb White Leghorns and 
found that the incidence of blood spots was 0. 516 per 
cent. They noted significant seasonal differences as 
the incidence of blood spots was 0.401 per cent 
before and 0.651 per cent after April 1. Evidence 
was also presented by then showing the heritable 
nature of this defect. 
Jeffrey/ 
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Jeffrey and Pino (1943) studied a ten -egg 
sample collected between 27th May and 29th June, 1942 
from each of 238 Single Comb White Leghorn pullets 
which originated from 22 dams and 6 sires. On the 
basis of this study they concluded that the 
incidence of blood spots was primarily dependent on 
genetic factors. They also noticed that the 
environmental factor of confinement reduced the 
incidence of blood spots. They tried to increase the 
incidence of blood spots by frightening the birds at 
different hours of the day but without success. 
Ualbandov and Card (1941 and 1944) also 
presented evidence to show that the tendency to lay 
blood spotted eggs was inherited. Contrary to the 
previous authors' findings range feeding, definitely 
helped in reducing the number and size of blood clots; 
confinement, on the other hand, had a reverse effect 
as the season advanced from December to July. In 
60 per cent of the hens observed there was a decrease 
in the formation of blood clots with age while in 
35 per cent this was reversed. The presence of these 
defects did not have any unfavourable effect on the 
hatching power of the eggs. Only White Leghorns were 
used /- 
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Nalbandov and Card (1944) that the meat spots 
originated as intrafollicular haemorrhages prior to 
ovulation. He also noticed marked individual 
differences between birds with respect to colour 
and size of meat spots. The incidence of red meat 
spots was highest during the first month of egg 
production but that of pale meat spots increased 
during the laying year. Both pale and red meat 
spots became smaller with the progress of the 
laying year. Seasonal changes did not have any 
marked effect on the incidence of white meat spots. 
Lerner (1946) studied two series of Single 
Comb White Leghorn pullets hatched in consecutive 
years and found that the incidence of blood spots 
was in general higher in birds which survived their 
first laying year than in those which died. 
Denton (1947) candled eggs from 85 Rhode 
Island Red hens during three periods (September - 
October, March -April and June -July) for the detection 
of blood and meat spots and subsequently opened to 
determine the candling errors. Of the eggs 
examined 72% contained meat spots and 3% blood spots 
Vitamin /- 
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Vitamin K, season and range feeding were found to 
have no ap preciable effect on the incidence of the 
defects. 
"material: 
The data for the present investigation has 
been extracted from the records made on 292,548 eggs 
from the Institute flock during the six full laying 
years from 1940 to 1946. Detection of blood and meat 
spots of appreciable size is comparatively simply 
carried out by examination of the eggs over a source 
of light; the process is known as candling, and the 
apparatus in use at the Institute consists of a small 
rectangular box housing a 100 watt electric light 
bulb; on the upper side of the box is an ovoid 
aperture over which the eggs may be held and rotated 
to determine the normality or otherwise of their 
contents. 
Since the data used in this section was 
obtained by this method no attempt will be ruade to 
distinguish between blood and meat spot eggs at 
present and for its purposes both will be included 
under the former designation. It is known also that 
a/- 
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a percentage of these defects are too minute to be 
detected by this technique, so that the proportion 
identified would not be expected to be as great as 
in cases where every egg had been opened. 
Nevertheless, there seems no reason to assume that 
the method adopted here should markedly bias or 
distort any peculiarity of their distribution or 
trend in their variation though it might make them 
less evident. 
Nine inbred lines and a mixed group of 
crosses are represented in the data; the birds 
range from one to six years of age but limitations 
of space necessitate discarding considerable numbers 
annually and the more advanced age groups are 
accordingly much reduced in relation to their 
initial population, por this analysis no selection 
of the birds was made on the basis of when they died 
or were discarded; on the other hand no discrimina- 
tion against blood spots was adopted in deciding 
which birds should be retained in the flock. While 
the number of hens producing blood spot eggs may be 
slightly low on occasions (where birds have been 
disposed of early in the _production year) the 
proportion /- 
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,,,,a"Dci-tioi. of defective to normal eggs should be 
fairly representative cf the flock. 
Results and Discussion: 
The Pre.auengy of L1ood and peat, Sp.ot,,3rrcrs. 
The bulked figures for each age of bird in 
each Production yeEl zivan in Table T. 
While the average proportion of defective eggs does 
not vary greatly from year to year, a tendency for 
older hens to produce them in greater numbers is 
evident. This will be further discussed when other 
sources of variation have been exposed. The average 
percentage of all eggs containing meat and blood 
spots (3.09 per 1000) is extremely low compared 
with that reported by most authors quoted, but is 
comparable with the figure for trite Leghorns given 
by Lerner and Smith (1942), While a variation in 
this direction was to be expected on account of the 
use of candling for their detection, their higher 
incidence in the records of older birds should have 
weighted the figures in the o pposite =.irection since 




The Frequency of Blood and Iviea_t Spot Eggs in 






No. of Blood 
and Meat Spots 
Ibo. per 
1010E= 
1.46 194-0 27309 40 
1941 -42 
1940 12708 58 4y 56 
1941 26646 97 3.64 
20' '!':L: 39354 155 3.94 
1942 -43 
1940 8505 88 10.35 
194-1 15825 95 6. 00 
1942 20107 37 1.84 
TOTAL: 44437 220 4.95 
1943 -44 
1940 5983 83 13,87 
1941 10627 35 3,29 
1942 11316 20 1, 77 
1943 20957 19 0, 91 
TOTAL: 48883 157 3,21 
1944/- 
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Jo. of blood_ 
and Meat Spots 
o. neta 
1000 2zEs 
1940 3438 48 13.96 
1941 5353 64 11. 96 
1942 5705 11 1.93 
1943 11327 11 0.97 
1944 43406 34 0.78 
TOTAL: 69229 168 2.43 
1945 -46 
1940 1044 20 19.16 
1941 1808 24 13. 27 
1942 2250 6 2.67 
1943 2097 6 2.86 
1944 17790 Ag 2. 75 
1945 38347 58 1.51 
TOTAL: 63336 163 2. 57 
1940-46: 292548 903 3 .09 
Position/- 
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Position in Clutch: 
Though previous workers had failed to 
substantiate the belief that blood spots are related 
to intensity of egg production and have been unable 
to find any connection between them and annual egg 
numbers, it was thought possible that their 
incidence might bear some relation. to a particular 
part of the clutch. Their distribution on this 
basis has been set out in Table 2. Out of a total 
of 740 examined it will be seen that 378, or 
roughly half, were laid as one -egg clutches, 
i. e. no egg was laid on the preceding or succeeding 
day. Though the frequency of the various clutch 
sizes in the flock has not been determined the 
figures do not suggest an association between 




The Frequency Distribution of Clutch Position of 





Position of F c in the Clutch, 
ist 2nd 3rd 4th 5th th 7th 9th 16th 
_ 
TOTAL 
1 378 378 
2 123 75 198 
3 41 29 18 88 
4 13 12 6 8 f 39 
5 4 4 5 2 + 15 
6 1 1 1 1 4 
7 1 1 1 1 1 5 
9 1 1 1 3 
11 2 2 1 5 
13 1 1 
15 1 1 
18 1 1 
19 1 1 
27 1 1 
TOTAL: 562 123 33 13 2 3 2 1 1 740 
In the 2, 3, and 4 -egg clutches the 
distribution of the data is indicative of a tendency 
for the incidence of these defects to decrease with 
later positions in the clutch. Tests made with chi - 
square confirm this view for both the 2 -egg and 
3 -egg clutch groups yielded a highly significant 
value of the statistic (11.64 and 9.02 respectively). 
Though /- 
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Though with similar treatment the differences in the 
figures for the 4 -egg clutches do not reach the level 
of significance, and the distribution in the larger 
runs does not at first glance show any particular 
trend, this is not unexpected with the smaller 
numbers of blood spots involved. :oven in the latter 
however it may be noted that the proportion occurring 
in the first half of the cycles is greater than in 
the second (25 :14). On the other hand it may be 
observed that a blood spot egg can occur at any 
position in the clutch, and this is particularly 
evident in the records of birds which produce many 
of these eggs. 
Seasonal Variation. 
Previous work on this aspect of the problem 
provides somewhat contradictory results for Jeffrey 
(1945) found blood spots more numerous at the 
beginning of production and least at the end (in 
August) while in Lerner and Smith's investigation 
(1942) the incidence was less prior to April than 
after it. Nalbandov and Card (1944) also found 
that In confined birds the production of blood clot 
eggs increased as the season advanced from December 
to/ 
-17- 
to July. It will be seen from Table 3a that the 
monthly distribution of defective eggs in the present 
material is not in agreement with Jeffrey's findings. 































































































































































































































































































































































































































































































































































































































































While the variation in the relative number of blood 
spots is not great, it does give the impression of 
following a curve which rises from October to the 
January -Larch season and then falls away again to the 
end of the laying year. A statistical comparison of 
all 12 months gives a chi -square value which is 
highly significant, indicating that real differences 
occur among the months (Table 3b), but the suggestion 
that the incidence of blood spots is falling off from 
January to June is not borne out when these six 
months are similarly compared among themselves for 
the probability that they are behaving alike is 
about 15 %. When the data is grouped in. 3- monthly 
classes however the difference between the two halves 
of this period does attain statistical significance 
but it is in the reverse direction to that obtained 
by Lerner and Smith (1942) for the incidence here is 
0.21% in the first half and 0.16yó in the second; 
it is obvious from the table even if the figure for 
the whole year were split in this way the difference 
would remain in the same direction. 
When the first quarter of the production 
cycle is compared with the second and the third with 
the/- 
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the fourth, highly significant differences are 
exposed in both cases. If, therefore, there is 
barely sufficient evidence to confirm first 
impressions that the relative incidence of blood 
spots traces an annual curve at least it can be 
said that the incidence is higher in the middle of 
the cycle and lower in the initial and final months. 
This still allows of the theory that their occurrence 
is associated with rate of production for at the 
beginning and end of the laying year production is 
less intense than at other times. 
Incidence in Inbred Lines. 
Most of the authors quoted in the intro- 
duction to this section have noted hereditary 
tendencies in the incidence of blood spots, either 
on a basis of breed or family differences, 
In the present study two birds (M 163 and 
0 221) were noticeably outstanding for the number of 
defective eggs they produced, and it seemed possible 
that an analysis of the data by breeding groups 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In Table 4, the data for blood spot eggs 
and birds producing them has been classified according 
to lines and to years of -;production.. Nine inbred 
lines are represented and one group called "Cross- 
breds" is made up of various crosses between the 
lines, mainly first crosses, but does not include any 
involving the "Dwarf", "White", or "Tumour." lines. 
Examination of the material for the pullet 
year, where the population is at its maximum shows. 
that the proportion of both blood spots and affected 
birds is low in the "Dwarf" group and very high in the 
"White" and "Tumour" groups. In the remaining lines 
and the cross -breds, their incidence is somewhat 
higher than in the Dwarf but the range is not great. 
Though the smaller populations in later production 
years make some of the data unreliable it seems clear 
that the "Dwarf ", 'White" and "Tumour" lines maintain 
their original position in relation to the other 
groups. 
If the proportion of blood spot eggs from 
pullets is tested for uniformity in the various lines 
by the chi- square method, the probability of their 
homogeneity is extremely low, far less than 0.1 %, 
Exclusion /- 
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Exclusion of the "White" and "Tumour" lines reduces 
the value of chi -square considerably but P is still 
less than 0,1%, The further elimination of the 
"Dwarf" and "cross -bred" figures from the data again 
reduces the size of the statistic but P falls about 
5, indicating that real differences may exist even 
among the remaining lines, (Table 4c). Similar 
treatment of the figures for affected birds shows 
that significant differences among lines disappear 
when White and `tumour lines are excluded from the 
comparison. Comparison of the percentage of first 
year blood spots and affected pullets in Tables 4A 
and B, however, reveals that the order of their 
incidence in the remaining lines is the same so that 
the inability to detect significant differences among 
them in respect of affected birds may be due to the 
smallness of the populations, and not necessarily to 
variations in the number of defective eggs per bird. 
Variation with Age, 
In dealing with the effect of age on the 
incidence of blood spots, a difficulty arises in that 
the original population is annually reduced by culling 
and /- 
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and mortality. In culling the birds no discrimination 
was made against those producing blood spots so that 
'unless the defect is associated with other undesirable 
Qualities or with pathological conditions leading to 
premature deaths, the reduced samples available at 
succeeding stages should remain representative of the 
flock. On the other hand, if any such factors were 
operative, the proportion of blood spots might be 
expected to be higher in the earlier years. 
In Table 4A where the influence of age is 
shown, the total figures from all lines actually 
indicate the reverse of this for there is a consistent 
rise in the percentage from the 1st to the 6th year of 
production, The proportion of birds affected (413) is 
about 16% in the 1st, 14% in the 6th year, and just 
over 20% in the intervening ones so the increase in 
defective eggs cannot be related to a parallel rise in 
the number of birds producing them. 
In the separate lines the phenomenon is not 
always detectable but it is very pronounced in the 
"White" line and, despite irregularities, in the 
"Tumour" one. When the data relative to these two 
groups is removed the incidence of blood spots becomes 
much /- 
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much more uniform at the different ages and an 
upward trend is no longer evident, but the pullets 
retain their position with the lowest percentage. 
Statistical treatment of the data confirmed 
these views (Table 4D); with or without either 
"White" and "Tumour" or the pullet eggs, the age 
groups showed highly significant differences among 
themselves, but when both these categories were 
excluded the remaining material showed no evidence 
whatever of heterogeneity. The two exceptional birds 
mentioned earlier (M 163 and 0 221) belonged to the 
"White" and "Tumour" lines; in post -pullet years 
large series of their eggs were opened in a search 
for small blood spots and this might have unbalanced 
the data for age groups. It was, in fact, found that 
exclusion of their eggs had a similar effect to 
eliminating the lines to which they belonged so the 
apparent difference between the latter and the other 
lines in respect of age may be accidental due to the 
change in technioue of identifying affected eggs from 
these two birds. (Their exclusion from the pullet year, 
where the data was used to examine difference between 
lines, does not affect that analysis for the blood 
Spot/ 
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spot incidence still remained high in ' White" and 
"Tumour" lines in comparison with the remaining ones). 
In regard to affected birds all significant 
differences between ages disappeared with the 
exclusion of the pullets from the cortmarison. 
It must be concluded, therefore, that the 
incidence of blood spots is definitely lowest in 
pullet eggs, but a continuing rise with age cannot be 
established. Further investigation of the behaviour 
of the high incidence lines does not seem to be 
justified at present in view of the small populations 
and diminishing size of the age groups. 
In connection with the conclusions just made 
7_ttention may be drawn to Lerner's (1946) findings 
that, after adjustment for seasonal and hereditary 
differences, the incidence of blood spots tended to be 
higher in birds which survived the first laying year 
than in those which died. There appears to be a 
measure of similarity between the two sets of results 
though the post- pullet year figures here represent 
the effect of culling as well as mortality. On the 
evidence of his own material Lerner discarded the 
possible theory that higher egg production of the 
survivors /- 
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survivors might be responsible for the higher 
incidence of blood spots. It is interesting to 
note, however, that this factor would certainly 
operate in so far as culling the Present stock was 
concerned, but, on the other hand, the two high 
incidence lines were among the least productive 
groups in the flock studied here. 
Since a comparison of the variation in 
incidence of blood spots and of miniature eggs 
in the flock will be made at the end of this part 
of the thesis Table 5 has been appended: it 
shows the distribution of blood spots from affected 
birds which were retained or survived the same 
number of years and so constitute a constant 
Population; also the numbers of these birds 















































































































































































































































































































































Arranged in this way the figures confirm 
the findings in the full data of a lower incidence 
of blood spots and of affected birds in the pullet 
year, but they also show up a further peculiarity - 
that the number of blood spots, the number of 
affected birds, and the number of blood spots per 
affected bird, all tend to be at a maximum in the 
second year. This is obviously another facet of the 
Phenomenon described by Lerner (1946), but in this 
case the population remains constant so that the 
retention of birds in the higher roduction groups 
is again ruled out as an explanation. 
Section B/- 
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Section B. Trie Incidence of Piiln:l.ature Eggs 
Introduction: 
In a comprehensive paper, Pearl and Curtis 
(1916) have discussed the various aspects of the 
problem of the miniature or "dwarf" eggs and 
classified them according to shape as prolate - 
spheroidal or cylindrical, the latter being nuite 
rare. 
As early as 1898, Fgré stated that the 
eggs in the beginning and at the end of a clutch are 
smaller than the intermediate ones. Somewhat similar 
views were expressed by Lewis (1913) and in an 
unsigned article on "Xenia in Fowls" in the Journal 
of Heredity (Vol. 6, 1915). 
Pearl, Surface and Curtis (1911), however, 
state that although the laying of miniature eggs is 
popularly supposed to mark the end of a laying period, 
this belief is without foundation in fact and they 
may be produced at any time. Warner and Kirkpatrick 
(1916) have also pointed out that the small eggs are 
not necessarily laid at either end of the clutch. 
Such eggs, according to them, are more common during 




The data for the investigation has been 
extracted from the records made on 292,548 eggs 
produced by the Institute flock during the six full 
laying years from 1940 to 1946. Altogether 427 
miniature eggs occurred; they varied in size from 
0.89 grin. to 53.0 grin. Miniatures have been defined 
as eggs whose weights clearly fall below the general 
limits of variation in egg size for a particular 
bird, and they may vary from 1 /50th, to .thof the 
characteristic weight. 
Results and Discussion: 
The FreoueL2y quency of Miniature Egz Production 
and of Affected Birds. 
Warner and Kirkpatrick (1916) have shown 
that during the 3rd and 4th egg laying contests at 
Storrs, Connecticut, out of 199,137 eggs laid, 103 
weighed less than 0.09 lb. Thus, according to their 
figures, one egg in every 1933 was a miniature. 
Pearl and Curtis (1916) calculated the 
percentage of miniature eggs for each of the two 
years /- 
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years of maximum miniature egg production in their 
flock (1911 -12 and 1914 -15) and found that one egg in 
every 1156 was a miniature, 
Similarly Crew (1930) has stated that "If 
the eggs laid by a large number of fowls are examined 
it will be found that about one in every 2000 is thus 
abnormal". 
In the present study the comparable figure 
for the total data is 1 in 685. Table 6 shows the 
incidence by production years and ages for the six 
years studied. For the pullets the number per 1000 
varied from 0. 65 in 1944 -45 to 2.16 in 1945 -46, the 
latter being almost double the next highest proportion 
of 1.13, occurring in 1941 -42. While this suggests 
differences among the years, an analysis of this 
aspect has not been undertaken since changes in the 
size of population in the various lines from year to 
year might affect the results. There is some 
suggestion, however, of a rise in incidence in the 
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TOTAL 69229 77 1.11 
1945 -46 
1 
1940 1044 4 3.83 
1941 1808 3 1. 66 
1942 2250 4 1. 78 
1943 2097 3 1. 43 
1944 17790 10 0. 56 
1945 38347 83 2.16 
TOTAL 63336 107 1.69 
1940 -46 292548 427 1.46 
According/- 
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According to Warner and Kirkpatrick (1916), 
85 birds out of a total of 1820 (4,67%) laid one or 
more miniature eggs during the laying contests already 
mentioned. Pearl and Curtis (1916) also found that 
about 5% of the birds in their flocks produced at least 
one miniature egg. The percentage of pullets in this 
flock laying miniature eggs during the years under 
review was 11.6¡ or approximately twice the figure 
recorded from American observations. Strict 
comparisons, however, are not possible since in this 
study the upper weight limit for miniatures falls 
within the size range of eggs produced by an average 
flock of hens. These, by definition, have been 
classified as miniatures because they are much below 
the characteristic egg weight for the individual bird. 
Position in the Clutch. 
I_nnumerable references to the belief that 
miniature eggs mark the beginning or end of a laying 
period can be found in the literature from an early 
period to the present day. It has already been noted, 
however, that Pearl, Surface and Curtis (1911) 
disagree with this and state that miniature eggs can 
be% 
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be produced at any time. Similar views have been 
expressed again by Pearl and Curtis (1916) as well as 




Distribution of Miniature Eggs in relation to 





Position of Egg in the Clutch 
1st 2nd 3rd 4th 5th 6th 7th 6th 9th 10th Total 
1 132 132 
2 41 49 90 
3 10 17 14 41 
4 4 5 8 7 24 
5 3 3 2 4 3 15 
6 1 1 3 5 
7 2 l 3 
8 1 1 
9 1 1 2 
10 1 1 
12 1 1 2 
13 1 1 
14 1 1 1 3 
TOTAL 191 75 25 15 4 5 1 1 2 1 320 
While the numbers of miniature eggs 
occurring in the second half of the clutch were 
slightly greater in the distribution observed here 
and presented in Table 7, it was not possible to 
expose any significant connection between frequency 




According to ',Darner and Kirkpatrick (1916) 
it is during periods of heavy egg production that 
miniature eggs are more common. Similarly Pearl and 
Curtis (1916) noted that most of them were laid 
between iiarch and July, but that the increase at 
this time was greater than would be expected on the 
basis of increased egg production alone; they 
further observed that dwarf egg production, unlike 
multiple- yolked egg production, is not associated 
with immaturity, and that "pullets are increasingly 
likely to lay dwarf eggs up to the time they are one 
year old and that the chances then decrease up to 





































































































































































































































































































































































































Table 8 shows the monthly numbers and the 
proportion of miniature to normal eggs for the pullet 
years. While the actual numbers rise as the laying 
cycle progresses, it is clear that the proportion 
does not vary in any consistent manner, and this is 
borne out by a chi -square test which yields a 
probability- of homogeneity of about 19 per cent. 
Even when the figures are grouped in three -monthly 
periods, and suggest a higher incidence in the first 
quarter, the statisticrindicateS that the differences 
are no more significant. 
This disagreement with Pearl and Curtis' 
findings necessitates a further examination_ of their 
work; they present the monthly number of miniatures 
for nine annual flocks over 8 years but only compared 
the distribution of miniatures and normal eggs in the 
two with the highest numbers of the former. Their 
conclusions depend on the high proportion of dwarf - 
eggs in June and July but it is noticeable that in the 
8 years data the percentage of the annual total of 
dwarf eggs is very variable in these months and in the 
two test years is particularly high. It is therefore 
doubtful /- 
_46_ 
doubtful if their conclusions are really applicable 
to the whole of their material. 
Incidence in Inbred Lines and Awe Groups. 
No guidance has been obtained from previous 
researches as to the variations to be expected in 
these categories: references to hereditary tendencies 
in miniature egg production have not been found, and 
Pearl and Curtis (1916) were unable to decide whether 
or not a bird was more inclined to lay a miniature 
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In Tables 9 A & B the numbers and 
percentages of miniature eggs and affected birds are 
classified according to lines and age. As the same 
body of material was used here as in the study of 
blood spots, the total eggs and population relative to 
each item in the tables have been omitted since they 
are already available in Tables 4 A & B. 
Though from the first table it can be seen 
that the range of variation in the incidence of 
miniature eggs from pullets in the different lines is 
less than in the case of blood spots, the "Red ", 
"Dwarf ", and "White" lines form a group which appear 
to be more markedly affected while "Intensity" and 
"Small Egg" occupy an intermediate position in the 
range. In later production years "Dwarf" and "White" 
maintain their position and are the only lines in 
which the rising incidence with age suggested by the 
total figures can be clearly traced. That the third 
line in the group appeared to diverge in behaviour 
was due to the presence of a single pullet, not 
represented in later years, which _oroduced 23 miniature 
eggs randomly spaced throughout the laying cycle. 
Though 25 of them, that is roughly a fifth of the 
affected /- 
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affected pullets, laid more than one miniature, no 
other bird has produced more than eight. Chi- square 
tests relative to these observations shored that 
even when "Red" and "Dwarf" t. ere excluded highly 
significant differences were present among the 
groups of pullets (Table 9C) but that there were no 
grounds for assuming that the remaining lines were 
not behaving alike when "White" and "Intensity" 
were also eliminated for by doing this the probability 
of homogeneity was increased to 37%. Confirmation of 
highly significant differences among the six age 
groups was obtained with a chi -square value of 128 
but attempts to show their dependence on the presence 
of particular lines were unsuccessful: the most 
obvious rises in incidence occurred in the "Dwarf ", 
"White" and "Large Egg" lines but without them the 
probability of homogeneity was not raised above 2 %, 
and when the last two years (which did not include 
all lines) were cut out it still remained in the 
region of 5%. 
As regards the proportion of pullets 
:pi oduc in.g /- 
-53- 
producing miniature eggs shown in Table 9 13, the 
differences between the lines appear more striking: 
"Red" and "Dwarf" again show the highest percentage 
with roughly a quarter of their population affected, 
and "Small Egg" are again intermediate in position, 
but "Intensity" and "White" have changed places in 
the series. However the latter was the smallest 
group, represented by only 22 pullets, and the figure 
of 13; must be regarded as but a rough estimate of 
the true incidence since the addition or absence of a 
single bird would be enough to place it in higher 
or laver groups respectively. In this case the value 
of chi -square indicated marked differences among 
the lines which could only be reduced below the level 
of significance by exclusion of "Red ", "Dwarf" and 
'Intensity" (Table 9 D). 
Though increases in the proportion of 
affected birds with age in the various lines are 
suggested by the table, the small populations make 
there unsuitable for detailed analysis and the total 
figures/- 
-5a- 
figures for all groups give a value of 6.57 for chi - 
square, with a probability of 25, which is well 
within the limit; of variation expected in a 
homogeneous population. 
Tabulation of the data from affected birds 
surviving the same number of years has been carried 
out in Table 10: with one exception the number of 
miniature eggs rises with each production year. 
The number of birds affected in successive age 
groups also gives evidence of increasing and 
though this could not be proved statistically for 
the complete data, the trend here seems sufficiently 
consistent to suggest that it might prove significant 




























































































































































































































































































SUMMARY AND CONCLUSIONS 
The Incidence of Blood (and Meat) Spots and 
of Miniature Eggs. 
The material for the present study was 
extracted from the records made on 292,548 eggs from 
the Brown Leghorn flock at the Institute of Animal 
Genetics during six full laying years from 1940 to 
1946. Blood spots were identified by candling; 
a total of 903 were encountered and there were 427 
miniature eggs. 
The proportion of blood spot to total 
production was 0. 31% for the whole flock, and 0.16% 
for the pullets; 16% of the latter produced one or 
more blood spot eggs. The comparable figures for 
miniatures were 0.15% for the whole flock and 0.11; 
for pullets; 11.6% of pullets were affected. 
In pullets the proportion of blood spots 
rose as the season progressed and then fell off again 
towards the end of the laying cycle. No similar 




More blood spots tended to occur in the 
first half of a clutch than in the second, but 
miniatures showed no association with any particular 
position in the clutch. 
Among the various inbred lines differences 
were exposed i:n the proportion of both blood spots 
and miniatures occurring in them, and in the 
percentage of birds affected. The lines which 
showed a high incidence of the two abnormalities 
were not the same except in one case. 
There was a rise in the percentage of blood 
spots after the pullet year, but in the absence of 
the two high incidence lines there was no significant 
difference among post -pullet years. Differences in 
the proportion of affected birds were not detectable 
among post- pullet age groups. In constant populations 
the number of blood spots and of affected birds 
appeared to be at a maximum in the second year. 
The percentage of miniatures showed a 
general tendency to rise as the birds became older, 
and the differences among age groups did not seem to 
be/- 
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be restricted to particular lines. Variations in the 
proportion of birds producing miniatures at different 
ages were not significant but in constant populations 
the number of miniatures and affected birds both 
tended to increase with age. 
While differences in the incidence of both 
abnormalities occur among the various inbred lines of 
the flock, and thus suggest that both have some 
hereditary basis, their behaviour diverges in other 
respects. 
The tendency of miniature eggs, and of birds 
producing them, to become more prevalent with age 
points to a slight but progressive weakening in some 
physiological process, but the lack of any similar 
tendency for blood spots after the second year 
eliminates them as symptoms of senility. 
On the other hand though the seasonal 
variation of the latter followed the trend of the 
annual production cycle, the evidence from the constant 
populations, and the fact that the high incidence 
lines were not particularly good layers, eliminates 
high /- 
_59_ 
high production as such from the direct causal 
agencies. It may be, however, that blood spots are 
associated with a rate of production which is high 
for the particular bird concerned: while this would 
not account for the high second year incidence, it 
would be in line with the decreasing numbers obtained 
from more aged birds. 
-60- 
Part II 
Morphology of The Abnormalities 
Here the structural and histological 
features of (A) Blood and Meat Spots and (B) the 
constituent contents of miniature eggs have been 
examined in an effort to elucidate their nature and 
origin, 
Section A: Morphology and Nature of Blood and 
Meat Spots. 
Introduction: 
Meat spots have been frequently described 
as pieces of glandular tissue or abnormal growths 
which have been torn from the wall of the oviduct 
during the passage of an egg through it Benjamin 
and Pierce (1937) believe that these are due to an 
abnormal condition of the oviduct. Burmester and 
Card (1938), however, showed that red blood 
corpusles or a significant amount of iron was 
present in all except 3 per cent of the meat spots. 
Evidence has been presented by Nalbandov 
and /- 
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and Card (1941 and 194-4) to indicate that the 
haemorrhages which resulted in the formation of blood 
spots occurred before ovulation. These blood clots 
were, according to them, transformed into meat spots 
by changes in pH and high environmental temperatures. 
The transformation took place either before ovulation, 
or during egg formation, or even after the egg had 
been laid. They attempted to prevent intra- follicular 
haemorrhage experimentally by the administration of 
vitamins A. C. D. E. K. and P. but were unsuccessful. 
Lucas (1946) prepared smears from blood 
spots and demonstrated macrophages and fibroblasts 
in addition to intra- vascular cell types. (It was 
9lso suggested that the transfer of viable parent 
connective tissue cells to the egg may have some 
significance in the problem of transmission of 
ljmphomatosis and other avian diseases through the 
egg). 
Denton (1947) observed that in general the 
eggs from the individual hen contained meat spots 
which were predominantly one colour. The transforma- 
tion/- 
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tion of a blood clot into a meat spot, according to 
him, was influenced only by the time which elapsed 
between the haemorrhage and the subsequent removal 
of the blood clot from the body cavity along with 
the egg content. 
1iaterial and 'ecbniaue: 
Since November 1945, all the defective 
eggs candled out have been opened and their 
contents thoroughly examined. Altogether 297 such 
eggs formed the basis on which this study was made. 
A record has been kept of the gross 
appearance and location of all blood and meat spots 
encountered. 
To determine the actual position of the 
blood spot the yolk with the blood spot on it was 
carefully separated from the albumen and after being 
agitated for a few minutes in 0.8% normal saline 
was immediately fixed in Formol Saline. 
Dehydration was performed as usual by passing 
through upgraded alcohols; cedarwood oil was used 
as/- 
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as a clearing agent. The yolk was then embedded 
in toto in paraffin but for histological examination 
only the portion with the blood spot on it was used 
to prepare sections. 
Similarly the coloured and ,white meat spots 
were also fixed and prepared for sectianinE. During 
the earlier part of the investigation the fixatives 
used were mainly Bouin' s and Form of Saline, but 
later Flemming - without acetic was also employed. 
Direct study of normal and degenerating yolk immersed 
in a drop of 2 per cent osmio acid was also made. 
Sections were cut 5 -6». thick and, in 
general, stained with Delafield's haematoxylin 
followed by alcoholic Eosin. The following stains 
were also used: 0.5% Iron- haematoxylin, Thionin 
blue, hucicarmine, Lucihaematin, Giemsa's, Mann's 
and +,'iegert' s Fibrin stain. Prussian blue and 
Feulgen's reactions were employed to detect the 
presence of iron and nuclear chromatin respectively 
in the white meat spots. 
In/- 
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In order to overcome the existing 
confusion with regard to the classification of 
foreign substances found in the hen's egg, all the 
blood formations (dots, streaks, sheets and clots etc.) 
which are in close adherence to the vitelline membrane 
have been included under the terre "blood spot ". The 
term meat spot has been reserved for all the discrete 
solid subst-;.nces lying either free in the egg albumen 
or entangled in the chalazae. 
Iuiorpholosy of Blood Spots 
The blood spots varied greatly in size and 
shape. (Plate T figs. 1 -5). The smallest of therà is 
no larger than a pin -prick and it is extremely 
difficult to identify such faults by candling. In 
some eggs, however, the blood spot is so large as to 
cover almost the whole yolk (Plate I, fig.l). 
The blood spots are usually in the form of 
sheets or streaks adherent to the yolk. The sheets 
may be thin or thick, the latter being darker in 
colour than the former. Sometimes they are very 
faint/ 
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faint, discontinuous streaks (Plate I, fi , 3), but 
they may also be quite thick and distinct, (Plate I, 
fig.2). In some cases the blood spot is in the foram 
of a. thick and rounded clot intimately attached to 
the yolk (Plate I, fir ;.4). 
Very often it is seen that it is situated 
on that pole of the yolk Which is towards the broad 
end of the egg. Occasionally associated with such a 
blood spot can be seen a blood streak r:hich may be 
either narrow or broad. (Plate I, fig. 5). This 
streak may or may in 
it is usually surrounded by the fibres of the 
chalaza. Consequently the blood streak also 
reveals in some cases the typical twisted appearance 
of a chalaza. 
pijare I (Plate II) shows the section of 
a blood spotted yolk. The spot is in the form of a 
sheet and can be seen lying in between the two 
membranes covering the yolk. i ; ire 2 (Plate II) 
reveals a portion of the same section under higher 
ria ;nil icat ion /- 
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magnification . Here can be easily seen a mass of 
blood cells separated from the yolk by means of the 
vitelline membrane. The outer membrane covering the 
blood cells is identified as the chalaziferous layer. 
Most of the blood cells at this stage are apparently 
quite normal as their nuclei and cytoplasm take up 
the usual blood stains., (Plate II, figs. 3 and 4). 
A few of them, however, are degenerate and are 
represented only by their nuclei. 
Morpholorr of Meat Spots 
Meat spots also show great variation in 
size, shape and colour. They may be found in any 
part of the egg albumen, lying either free or 
entangled in the fibres of the chalazae. (Plate III, 
figs. l -3). The smallest of them may be of such an 
order that it can easily be overlooked by the naked 
eye in an opened egg, but the largest could readily 
be distinguished by candling through the shell by 
even an inexperienced observer. They are usually 
rounded in shape but may be angular and sometimes 
elongated. The colour is generally dark red but they 
may /- 
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may be red, liver-like or of various shades of 
brown. Some of them are perfectly white or white 
with some red o r brown specks included. 
In. "figure 1, (Plate IV) a section of ^ red 
meat spot is shown. It reveals a central mass of 
blood cells surrounded by a fibrous layer. Figure 2 
(Plate IV) depicts a portion of the same section 
under higher magnification. Here the rzranular 
protein present in between the central mass of blood 
cells and the outer fibrous layer is seen infiltrating 
into the mass of blood cells; the blood cells are 
still normal except that their cytoplasm does not 
take up any stain. This, however, is not a general 
rule but depends rather upon the state of degenera- 
tion of the blood cells in particular cases. In 
figure 3 (Plate IV) a section of another red meat 
spot is shown in which some of the blood cells are 
quite normal but the cytoplasm of others does not 
stain. 
With the progress of degeneration the meat 
s)ots show extensive vacuolization due to the 
complete/- 
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complete disintegration of blood cells some of which 
are, at this stage, represented by their nuclei only 
(Plate V, fix. 1). These nuclei have a tendency to 
r.:roup together and can be seen in the section of a 
white meat spot with a red speck in the centre 
(Plate V, fig. 2). A piece of the white portion of 
this meat spot is shown under high magnification 
(Plate V, fig, 3), and reveals it to be made up of 
coagulated albumen in which ape seen masses of 
degenerating yolk in addition to the blood cells. 
A little albumen is invariably coagulated outside the 
fibrous layer surrounding the coloured meat spots and 
very often normal and degenerating blood cells can be 
seen in it (Plate IV, fig.4). Degenerating yolk can 
at times be identified in the coagulated albumen and 
even entan ;-led in the constituent fibres of the layer 
surrounding the coloured meat spot (Plate V, fig.4). 
Generally white meat spots have as their 
basis such a coagulated mass cf albumen but they may 
show great variation with regard to the amounts of 
albumen, degenerating blood cells and yolk they contain. 
In /- 
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In a perfect white meat spot, however, there are few, 
if any, blood cells, and these, if .present, are in an 
extremely degenerate condition. The bulk of a white 
meat spot consists of coagulated albumen mixed with 
yolk in various stages of degeneration (Plate VI, fig.l). 
It is not uncommon to observe a few cells 
with extreme vacuolation of the cytoplasm in a white 
meat spot but it becomes increasingly difficult to 
identify these in view of the general degeneration in 
_progress. Even broken egg membranes are sometimes 
included in white meat spots. 
Origin of Blood and Meat Spots. 
In general, blood spots are structurally 
composed of a mass of blood cells lying in between the 
two membranes enveloping the yolk. The inner covering 
is the vitelline membrane and the outer the 
chalaziferous layer. 
As early as 1898, Mitrophanow also noticed 
the presence of blood cells in the thickness of the 
envelope of yolk (enveloppe du jaune) which, according 
to him, consisted of two layers namely the external 
or the albuminous layer and the internal or the 
vitcilin.e% 
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vitelline membrane. This albuminous coat of the yolk 
envelope may be identified as the chalaziferous layer. 
It has been shown in this study that the 
coloured meat spots also are encapsuled by a fibrous 
layer which stains exactly like the chalaziferous 
layer. It seems highly probable, therefore, that the 
chalaziferous layer of the ovum and the fibrous 
covering of coloured meat spots are similar structures 
and secreted in the same region of the oviduct. 
During the course of this study evidence has 
been obtained that the chalaziferous layer is secreted 
by the posterior half of the infundibuluin to which the 
name "chalaziferous region" was given by '.Richardson 
(1935). It can, therefore, be inferred that blood 
spots and coloured meat spots are present before the 
egg reaches this region of the oviduct, and in 
consequence the lower portion of it can safely be 
excluded as the source of blood and coloured meat 
spots. 
This conclusion is further supported by the 
fact that in most of the double yolk blood spotted eggs 
the% 
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the blood spot is present on one yolk only. 
It was not uncommonly held that blood spots 
are formed as a result of haemorrhage at the time of 
ovulation following the rupture of a small blood 
vessel near the stigma. However, the observations 
on ovulation in timed laparotomized hens made by 
Idalbandov and Card (1944) have shown that bleedinf may 
occur at this time but it is so rare and insignificant 
a phenomenon that it cannot be held to be an im portant 
agency in producing blood spots in eggs. They further 
state that the bleeding is intrafollicular and that it 
may occur several days before ovulation. Though they 
have never observed active intrafollicular bleeding in 
laparotomized hens they have noted follicles contain- 
ing both small and large submembranous haemorrhages 
in ovaries both excised and in situ. They have also 
observed the yolks being released with both small and 
large blood clots adhering to them although there was 
no active bleeding at the time of ovulation. 
Experience derived from the present 
investigation confirms the findings of these workers 
as /- 
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as follicles were encountered containing súbinembranous 
haemorrhages (Plate VI, fig. 2). How extensive intra- 
follicular bleeding can be was shown by an abnormal 
egg laid by a Brown Leghorn hen of the flock at the 
Institute of Animal Genetics. In this egg, instead of 
a normal yolk there was a complete .-Follicle, 
.surrounded by the usual layers of albumen, shell 
membranes and shell. The follicle appeared to be 
filled with blood and very little yolk could be 
.detected. (For a detailed description of this egg see 
Part 4 of this thesis). 
As pointed out by Nalbandov and Card 
(1944) bleeding may occur anywhere in the follicle. 
If it is slight the blood remains in between the 
vitelline membrane and the follicle and thus forms a 
small blood spot on the former. However, if the 
bleeding; is copious the whole of the vitelli ne membrane 
may be smeared with blood and the blood may even 
accumulate in the pedicel and its funnel- shaped base. 
This results in the formation of a blood streak with or 
without a blood clot at its tip, and remains attached 
to the main blood spot on the vitelline membrane. 
Since/- 
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Since many of the formations of this type are seen on 
that pole of the yolk which is towards the broad end 
of the egg (Plate I, fig. 5) and most of the eggs are 
laid with pointed end first, the hypothesis stated 
above seems to be quite acceptable. This is further 
supported by Observations on the abnormal egg, 
referred to above, in which the pedicel contained a 
blood streak within it. 
Frequently during ovulation this blood 
streak, with or without a clot at its tip, loses its 
connection with the main blood spot on the vitelline 
membrane and may become an inclusion in the albumen 
of the same egg or of subsequent ones. 
When such a blood clot reaches the 
"chalaziferous region" of the oviduct it is surrounded 
by the fibrous layer secreted there and thus forms a 
meat spot. If this remains lying in the oviduct then, - 
simultaneously with the degeneration of the blood 
cells, the adherent albumen is also coagulated on its 
surface giving it a whitish appearance. In these meat 
spots, however, reddish specks can still be 
demonstrated in the centre. 
According /- 
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According to iva.lbandov and Card (1944) all 
meat spots, including white ones, are merely degenerat- 
ed blood clots resulting from changes in pH of the 
albumen and that the transformation from red to white 
meat spot is hastened by high environmental 
temperatures. It was proved experimentally by using 
artificial blood clots in albumen and also in buffer 
solutions of known pH exposed to temperatures of 
50o and 88 
o 
F. 
A repetition of their experiments carried 
out at Edinburgh at a temperature of 103 °F did not 
change an artificial blood clot into a white meat spot. 
Blood and meat spots from infertile eggs which had been 
incubated more than 7 days were still not white. The 
colour of the meat spots in such eggs changed from red 
to dark red, brown or even tan but never to white. 
Artificial and natural blood clots kept in 
0.8 per cent normal saline changed their colour to 
Pinkish white leaving the medium reddish even at 
ordinary room temperature after a few days. However, 
on sectioning these and also the artificial and natural 
blood /- 
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blood clots and coloured meat spots which had been in 
the incubator for more than a week the same appearance 
was not obtained when'com ?]aced with the section of a 
vriite meat spot. In all sections from the former 
blood cells in various stages of degeneration could 
always be seen. 
A typical white meat spot, as far as the 
observations go, is formed in the oviduct by the 
coagulation of the albumen around free yolk left 
degenerating in the oviduct by the rupture of the 
membranes surrounding it. Pieces of the broken 
membranes are sometimes visible as inclusions in white 
meat spots. 
Freauently blood cells and also some other 
cellular elements can be detected in white meat spots 
but, because of the extensive degeneration it becomes 
increasingly difficult to identify them. It is áuite 
possible that these cells may be derived, either from 
the follicular epithelium or from the developing germ 
of a yolk which has ruptured in the oviduct. 
Lucas /- 
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Lucas (1946) has described macrophages and 
fibroblasts in addition to intravascular cell types 
from smears of blood spots. Though it has not been 
possible to confirm his findings many of the weird 
structures figured by him have been noted in sections 
of white meat spots. It is clear that the problem of 
=white meat spots is one that requires further evidence 
from an experimental approach towards its solution, 
The so- called "bloody white" appears to be 
formed by the dissolution of a blood clot as frequent 
observations have shown that the albumen in the 
proximity of q. large blood spot or a red meat spot is 
blood coloured. Sometimes it is even possible to 
detect blood cells in such albumen under the low 
power of a microscope. This was further substantiated 
by observations of artificial blood clots which 
dissolve out, sometimes completely, leaving the 
medium reddish, 
It is also possible that the "bloody white" 
may be produced following haemorrhages from the wall 
of /- 
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of the oviduct. Nalban_d.ov and Card (1944), however, 
could not succeal in producing "bloody white" by 
injecting blood in the magnum region of the oviduct. 
The so-called "cloudy white ", according to 
Naibendov and Card (1944) results from the bloody 
white after suitable pH changes, provided the 
temperature is favourable. It appears more probable, 
,however, that the cloudy white is produced by the 
disintegration of the chalaza'e and the dispersion of 
the free yolk granules. 
ummary/- 
Sumnìary ánd Conclus ions. 
1. Blood spots in eggs are due to intra- 
follicular bleeding. If the haemorrhage is only 
slight it results in the formation of thin sheets and 
streaks of blood in close adherence to the vitelline 
membrane. Copious bleeding, on the other hand, 
leads to the formation of large blood clots which, if 
separated from the yolk, are included in the egg 
albumen and form coloured meat spots. 
2. White meat spots are formed in the 
oviduct by the coagulation of albumen around a 
degenerated coloured meat spot, degenerating yolk, 
or even broken egg membranes. 
3. The so- called "bloody white" appears to 
be due to the dissolution of a large blood spot or a 
coloured meat spot. 
4. Cloudy white may be formed by the 
disintegration of the chalazae an '. the dispersion of 
degenerating free yolk granules. 
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Explanation of Plates 
Plate I. 
Various Types of Blood Spots. 
Pig.l. A very large blood spot covering almost the 
whole yolk. 
'ig.2. Blood spot consists of distinct sheets and 
streaks adherent to the yolk. The blood 
streak towards the left (broad end of the 
egt is continued into the albumen and ends 
in a large dark red blood clot. 
Pig.3. Blood spot consists of faint and discontinuous 
streaks on the yolk. 
Fig.4. Blood spot consists of a dark red thick and 
rounded blood clot intimately attached to 
the yolk. Two small blood dots can also 
be seen near it. 
Pig.5. The blood sheet is situated on that pole of the 
yolk which is to wards the broad end of the 
egg. It is continued into the albumen in 
the form of a thick and dark red blood 
streak and ends into a large blood clot 
of the same colour. The blood streak 
presents a typical twisted chalaza -like 












SEC T ION S. 
Unless otherwise mentioned, all sections have 
been stained with Delaf field's haematoxylin 
and eosin. 
Fig.l. Section of a blood spotted yolk. X 40, 
Fig. 2. A portion of the same section. X 350. 
Fig. 3. Section of another blood spotted yolk. X 350. 
Pig. Section of a blood spotted yolk stained with 
Thionin. Here the chalaziferous layer 
stains purplish pink while the vitelline 








Various types of meat spots. 
Fig. 1. A red meat spot entangled in the 
free end of the chalaze_ 
2. Leat spots of various colours in 
the albumen and two small blood 
streaks on the yolk. 
Pig. 3. White meat spots in the albumen 









S E C T I O N S, 
Unless otherwise mentioned, all sections have 
been stained with Delafield's haematolylin and 
eosin. 
Pif. 1. Section of a red rcieat spot stained with 
Delafield's haematoxylin and muci- 
carmine. X 40. 
Fig. 2. A portion of the same section. X 350. 
Fig. 3. Section of another red meat spot. 
Some of the blood cells are duite normal. 
X 350. 
Fig. 4. Section of a red meat spot where the 
blood cells can even be seen outside 
the fibrous layer embedded in the 
coagulated albumen. X 350. 
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Unless otherwise mentioned, all sections have 
been stained with Delafield's haematoxylin and eosin, 
Fig. I. Section of a dark red meat spot showing 
extensive vacuolization due to the 
disintegration of blood cells, 0. 5% Iron 
haematoxylin and eosin. X 45. 
Fig. 2. Section of a white meat a not with a red 
speck in the centre. X 40. 
Fig. 3. A portion of the same section, X 350, 
Fig. 4. Section of a tan -coloured meat spot from 
an infertile egg which had been incubated 







Fig. 1. Section of a white meat spot. X 20. 
Fig. 2. Excised ovary showing submembranous 





Section 33. Structure and Formation of Liniature 
Eggs of the Domestic Fowl. 
Li ÍTRODUC`T'IOtï : 
In a comprehensive paper Pearl and Curtis 
(1916) discussed various aspects of the miniature or 
"dwarf" egg. The shape of such eggs was classified 
as either prolate-spheroidal or cylindrical, the 
latter being quite rare. An examination of the 
contents revealed that 35.04% of such eggs were 
yolkless, 55.11¡ contained free yolk and that only 
9. 85% had the yolk enclosed in a membrane. 
Crew (1930), in a short note to the 
"Feathered World ", confirmed in general these 
conclusions. 
Asmundson (1931) has stated that dwarf 
- eggs are produced as a result of the ovulation of 
yolks which subsequently escape into the body cavity 
of the bird intact o: following rupture of the 
vitelline membrane. 
Because of the suggested existence of yolk - 
less miniature eggs special attention was given in 
the/- 
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the present investigation to the nature of the 
stimulus leading to the secretion of albumen in 
such eggs. 
Material and Methods 
All miniature eggs laid by the Institute 
flock during the period January 1946 to the end of 
February 1947 were weighed and, in addition, an index 
of shape determined by dividing maximum length by 
maximum breadth, They were then opened and the 
contents carefully scrutinised. The non- albumenoid 
part of the egg content was agitated in 0.8% normal 
saline and then prepared after fixation in :Bouin` s 
fluid, Formol saline or Flemming - without acetic, 
for histological examination. Sections 5 -6F thick 
were stained with Delafield's haematoxylin followed 
by alcoholic eosin. Thionin blue and 0.5% Iron - 
haematosylin were also employed on occasions. 
For the study of yolk granules fresh 
material was immersed in a drop of normal saline to 
which 2% osmic acid was added. 
Results /- 
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Results and Discussion 
A. The Analysis of Shape. 
In figures 1 and 2 (Plate I) five miniature 
eggs are shown with a normal egg for comparison. The 
larger egg in figure 2 is definitely cylindrical in 
shape and the others would be described as prolate- 
spheroidal under Pearl and Curtis' classification 
since none of them differs markedly from the typical 
egg shape. Measurements of the ratio, length /breadth, 
for 99 miniature eggs gave values varying from 1.11 to 
1.60, a range quite usual in the ordinary production, 
records of the flock. Their distribution in regard 
to shape, however, differed somewhat from that for 
normal eggs as is demonstrated in Table 11 where their 
frequency in six classes is compared with the 
distribution of percentages of a random sample of 











































































































































































































































































Relatively more miniatures fall into the 
first two classes and they are obviously rounder on 
the average suggesting that there may be some relation- 
ship between shape, as measured by this index, and 
the size of the egg. This, at first glance, appears 
to be confirmed by the comparison of egg weight and 
mean index in Table 12 but it is clear that the range 
of indices within the various weight classes is 
sufficiently wide to offset the validity of such a 
conclusion, 
Table 12 









50-59 gn. 1 53 g7n, 1. 36 
40-49 gm, 9 44 gin, 1.28 1. 33-1.22 
30-39 gm. 21 35 grn,. 1.29 1.37-1.19 
20-29 gnp. 19 24 gm. 1.25 1.43-1.14 
10-19 gtn. 39 14 gri7. 1.24 1.60-1.11 
0-9 gil. 10 6 gm. 1.22 1.32-1.13 
-9 6- 
B. Contents of Miniature Eggs. 
With regard to the non- albumenoid contents 
of miniature eggs most previous workers have classi- 
f ied them as (1) yolkless, (2) with free yolk not 
enclosed in a membrane, or (3) with a typical yolk 
much reduced in size. Out of a total of 100 eggs 
-used in this study, 85 were found to contain yolk in 
one form or another; and of these 12 had spherical 
yolks with the usual membranes intact. The weight and 
index of these eggs is given in Table 13. 
Table 13/_ 
One of the miniature eggs examined could not be 
included in Tables 11 and 12 because no shell had 









































Seven more had normal yolks but in addition 
they revealed some free yolk dispersed in the albumen. 
The presence of this free yolk in the albumen can be 
explained as follows:- Either it cane from the yolk 
left degenerating in the oviduct by the rupture of the 
membranes of a previous egg or the membranes of the 
same egg ruptured sometime during its passage through 
the oviduct and later on closed leaving some free 
yolk in the albumen. 
Eighteen eggs contained some yolk covered 
by (Plate 1); , in one of 
these the inclusion was quite small and it appeared 
to be a fragment of free yolk but on microscopical 
examination broken vitelline membrane could be seen 
surrounding it. In addition to yolk in broken 
membranes seven eggs showed a few fragments of free 
yolk in the albumen (Plate II, fig.2) while in eleven 
a further dispersal of tiny pieces of free yolk 
through the thick albumen had taken place as 
illustrated in figures 3 and 4 (Plate II). 
In 27 eggs the whole of the thick albumen 
appeared/- 
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appeared yellowish due to the distribution of free 
yolk within it. The albumen seemed to function as a 
containing envelope for when it was punctured pale 
yellow, or yellowish white, thin albumen began to flov) 
out carrying with it yellow and whitish masses. The 
latter, in most cases, appeared to consist of remnants 
of broken membranes while the colour of the albumen 
was undoubtedly due to the presence of yolk granules 
in it. 
Of the three eggs in which the nucleus was 
formed by free yolk only two contained a single piece 
of yolk material. In one of these the _piece of yolk 
was so small that it could be easily missed. In the 
other it was quite large and the albumen of the egg 
was also coagulated around it. The third egg seemed 
to be a double egg. It weighed only 3. 66 grammes and, 
so far as the shape was concerned it was the miniature 
replica of a normal egg. In the centre it contained 
an oval white opaque substance surrounded by a solid 
layer of thick albumen. The outer layer of thin 
albumen was normal and so were the shell membranes and 
the% 
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the shell. The central inclusion had on its surface a 
number of tiny pieces of free yolk. When it was 
punctured a whitish cord formed by a collection of 
mucin fibres, in which yolk granules were also entangled, 
was revealed. This cord was also surrounded by 
albumen. The external envelope of the central opaque 
substance seemed to be a thickened shell membrane. 
In Plate III are shown the sections of a 
number of yolks surrounded by broken membranes. When 
a. portion of figure 1 (Plate III) is seen under higher 
magnification (Plate IV, fig.l) it is noticed that the 
yolk is surrounded by two membranes. The outer one is 
the chair ziferous layer and the inner, which is thrown 
into folds,- is the vitelline membrane. It appears, 
therefore, that the vitelline membrane in this case 
ruptured before the normal yolk reached the 
"chalaziferous region" of the oviduct. The folds in 
the vitelline membrane could be produced as a result 
of the flowing out of the greater part of the yolk and 
later on the chalaziferous layer was secreted round 
the folded vitelline membrane covering the remains 
of the yolk. 
In/- 
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In figure 2 (Plate IV) which re_)resents a 
portion of figure 4 (Plate III) under higher magnifica- 
tion, only the folded vitelline membrane is seen 
covering the degenerating yolk. There is no definite 
chalaziferous layer but a few mutin fibres can be 
seen ru.miing into the folds of the vitelline membrane. 
It is áuite possible that the rupture. in this case may 
have taken place after the secretion of the chalazifer- 
ous layer had started and so the mutin fibres of the 
chalaziferous layer also are drawn into the folds of 
the vitelline membrane, 
The albumen of an egg is very often 
coagulated on such a mass of yolk covered by broken 
vitelline membrane giving it a whitish appearance. The 
thickness of such a layer of albumen varies in 
different eggs as will be clear from figures 2, 3 and 4 
(Plate III). 
In the saine way the albumen is coagulated on 
pieces of yolk set free in the oviduct by the rupture 
of the membranes covering it. One such piece is shown 
in figure 3 (Plate IV) and a portion of it under higher 
nagnification is shown in figure 4 (Plate IV). Here 
one/- 
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one finds no membranes separating the yolk from the 
coagulated egg albumen. Likewise the membranes also 
from which most of the yolk has already been set Free 
are sometimes covered by the coagulated albumen 
(Plate V, fig.l). Two ?portions of the same section 
under higher magnification are shown in figures 2 and 3 
(Plate V). In figure 3 (Plate V) the yolk is seen 
degenerating inside the membranes while in figure 2 
(Plate V) the degenerating yolk is embedded in the 
albumen coagulated on the mass of broken membranes. 
Such masses of free degenerating yolk in the coagulated 
egg albumen lead to the formation of white meat spots, 
very often met with in miniature eggs. 
Out of 15 eggs which did not show any 
apparent yolk, 13 contained some sort of central mass 
.round which the albumen was secreted. In most cases 
his consisted of tiny white meat spots. 
In 6 eggs, in addition to the white meat spot,., 
she central mass revealed white convoluted cords which 
Could be easily mistaken for chalazae (Plate VI, fig. 1 j. 
?hese'cords showed certain thickenings at intervals and 
on histological examination were found to contain 
degenerating /- 
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degenerating yolk mixed with coagulated albumen. The 
cords appeared to be made up of mucin fibres. 
Five of these eggs contained a whitish 
central mass. This consisted of coagulated albumen 
and clusters of mucin fibres. Tiny white meat spots 
were invariably entangled in these masses. 
In one egg the nucleus was formed by a cream 
coloured mass situated in a whitish area of the thick 
albumen (Plate VI, fig.2). On histological examination 
this cream coloured mass revealed yolk granules 
entangled in the mucin fibres of the coagulated 
albumen. 
The contents of another egg are shown in 
fig, i (Plate VII), Here, in addition to the white 
meat spots, a piece of membrane (possibly vitelline 
membrane) was also included in the albumen. In figure 
2 (Plate VII) is shown a tiny white meat spot from the 
same egg under low magnification. A few of the yolk 
granules forming this white meat spot are seen under 
higher magnification in figure 3 (Plate VII). Such 
pieces of degenerating yolk are present in most white 
meat spots. Even the albumen of the two eggs which 
did /- 
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did not show any central mass revealed such degenerat- 
ing yolk granules. Sometime one can see these 
degenerating yolk granules entangled in the mucin 
fibres of the chalazae even in a normal egg (Plate V'II, 
fig. 4). 
C. The mature of the Albumen in Miniature ss 
As has already been pointed out by Pearl and 
Curtis (1916) miniature eggs differ with regard to the 
density of the albumen. In most of them all the layers 
of albumen (inner thin, thick and outer thin) could be 
easily made out as in a normal egg. In some miniature 
eggs, however, the inner and the outer thin albumen 
Were absent, the central mass being surrounded by a 
layer of thick albumen only. In such cases the 
albumen was very much condensed and appeared like that 
of a normal egg when it is in the magnum region of the 
oviduct. 
In some miniature eggs where the central 
,mass is not a normal yolk, the albumen immediately 
surrounding the central mass appears :whitish. 
Similarly the albumen surrounding the free pieces of 
yolk or sometimes even the while meat spots appears 
whitish/- 
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whitish, This whitish area in some cases appeared to 
'be merely coagulated albumen but in others it revealed 
tiny free yolk granules dispersed through it. 
D. Factors responsible for the Production of 
Iviiniature Er Ts: 
Pearl, Surface and Curtis (1911) have stated 
that the factors involved in the production of 
miniature eggs are: 
1. "The bird must be in an active laying 
condition; the more pronounced the degree of 
physiological activity of the oviduct the more likely 
.1 re these eggs to be produced ". 
2. "There must be some foreign body, however 
minute, to serve as the stimulus which shall start 
the albumen glands secreting. This foreign body may 
be either a minute niece of hardened albumen, a bit of 
coagulated blood, a small piece of yolk which has 
escaped from a ruptured yolk, etc.". 
3. "It seems likely, though this is a point not 
yet definitely settled, that ovulation (i. e. the 
separation of a yolk from the ovary) must precede the 
secretion of albumen around the foreign body to form 
one/- 
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one of these eggstt. 
Pearl and Curtis (1916) later confirmed these 
conclusions. They autopsied five of the eleven birds 
which produced few or no normal eggs after the 
miniature egg or eggs and found that - 
1. "Each bird was a normal high laying individual which¡ 
became unable to produce normal eggs on account of a 
pathological condition of the oviduct ". 
2. "In every case the part of the duct affected was 
the posterior end of the funnel or the anterior end of 
the albumen secreting region or both ". 
3. "The disturbance in each case was of a nature to 
constrict or prevent the normal expansion of the lumen 
of the duct." 
4. "In no case was the passage completely closed ". 
5. "In each case there was convincing evidence that 
the ovary was in a normal reproductive cycle at the tim, 
he dwarf egg was produced ". 
* Four of the five eases had tumorous growths on the"- 
walls of the duct. In two cases these involved a large 
part of the funnel and albumen secreting region. In 
the other two the affected tissue was confined to a 
narrow band in the lower funnel or albumen secreting 
region.. In the fifth case there were two constrictions, 
of the duct in the anterior end of the albumen secreting 
region. The constrictions were separated by one centi- 
meter of duct with a normal diameter. The tissue in 
these constrictions did not appear pathological. 
-lU8- 
this particular region, in which event the 
chalaziferous layer would be secreted round the 
folded vitelline membrane covering the remains of 
yolk, or the "chalaziferous region" is defective and 
no chalaziferous layer is secreted. Consenuently 
the delicate vitelline membrane which by itself is 
unable to bear the pressure of the contracting 
muscles of the oviduct would rupture. That this is 
actually so has already been shown by the autopsy 
records of Pearl and Curtis (1916). It will not be 
out of place to mention here the work of Burmester 
and Card (1939). They removed 2 -7 cis, long sections 
from the "chalaziferous region" of the oviduct and 
reported that such resection was conducive to the 
formation of dwarf or yolkless eggs. It can, 
therefore, be safely concluded that, due to some 
abnormal condition of the "chalaziferous region" of 
the oviduct either no chalaziferous layer is secreted 
resulting in the rupture of the vitelline membrane 
under the too great pressure of the contracting 
muscles of the oviduct or the lumen of the oviduct 
is /- 
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is so reduced that it cannot allow a normal yolk to 
pass through it. In all such cases either no eggs 
are :produced at all or only miniature eggs which can 
Pass through the abnormal "chalaziferous region" are 
laid. However, the bird still remains in the active 
laying condition and ova are shed into the body 
cavity. This fact can be confirmed by the post 
mortem examination reports of a number of birds from 
the present flock. .For example, hen No. L1178 was 
hatched on 27th ;arch 1939 and laid her first egg on 
the 1st October, 1939 when she was 188 days old. She 
rroduced 4 miniature eggs in 1943, 13 in 1944, 4 in 
1945 and 3 in 1946. She died on 9th June 1946 and 
the examination post mortem revealed the presence of 
numerous small egg membranes scattered throughout the 
abdominal cavity, an indication that the bird must 
have ovulated freauently. This has also been noted 
by Pearl and Curtis (1916). 
Discussing the nature of the stimulus which 
leads to the secretion of the various egg envelopes 
in the oviduct Pearl and Curtis (1916) showed that 
64.96 per cent of all the miniature eggs contained 
yolk /- 
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yolk in some form or the other. The presence of 
yolk fragments in such miniature eggs, according to 
them, may be due to the following causes: 
"1. A yolk may have been broken during its passage 
into the duct and only a part of it may have entered 
the duct. 2. A Part of a yolk ovulated into the 
body cavity and broken either before or after 
ovulation may have been picked up by the funnel. 
3. A normal yolk may have entered the duct and being 
unable to pass the pathological portion may have been 
broken and a Part of it extruded into the body 
cavity. The remaining portion may have passed the 
obstruction, becoming the effective stimulus for the 
formation of egg envelopes ". 
Pearl and Curtis (1916) could not ascertain 
the effective stimulus in those miniature eggs which, 
according to them, do not contain any yolk. They, 
however, noticed some firmer material in the centre 
of the thick albumen of such eggs. As this firmer 
material in most cases resembled the fibres of a 
normal chalaza they suggested that "in some ór all of 
these/- 
these cases a normal yolk has entered the duct, 
stimulated the upper duct to secret chalazae and some 
albumen, passed as far as the obstruction and then 
been extruded, leaving behind sufficient chalazae and 
albumen to furnish the mechanical stimulus, necessary 
for the completion of the egg ". 
It is true that the central mass in most of 
the so- called yolkiess miniature eggs appears to be 
like the chalazae but in reality it is not so as it 
has been shown by various workers that the chalazae 
do not appear in an egg till it is in the uterus 
(see also Part 3 of this thesis). This central mass 
consists of a collection of mucin fibres and very 
often tiny white meat spots can also be seen entangled 
in them. These white meat spots have been shown to 
consist of coagulated albumen mixed with degenerating 
yolk (see also section A of this part of the thesis). 
Even in those miniature eggs where no central mass 
could be seen it has been possible to demonstrate 
tiny granules freely floating in the albumen. 
These granules take up a brownish to black tinge when 
studied under drop of 2` ¡ó osmic acid and are 
obviously/7 
-112- 
Obviously yolk. Such granules can also be seen when 
the remains of yolk from the broken membranes of a 
miniature egg are studied.. In view of these 
observations it is now suggested that yolk'is the 
only effective stimulus which leads to the secretion 
of the various egg envelo7es in the oviduct. To 
provide this stimulus the bird must be in the active 
laying condition -,nd it should be ovulating as has 
already been pointed out by Pearl, Surface and Curtis 
(1911), Pearl and Curtis (1916), Crew (1930) and 
Amundson (1931). 
Summary/- 
242:22r erd Qonclusions: 
Miniature eggs are either prolate 
spheroidal or cylindrical in shape, the former being 
more common. Only four eggs out of a hundred could 
be placed in the latter group. 
Yolk has been shown to be present in the 
contents of every miniature egg examined and 
consequently it is considered to be the only 
effective stimulus which leads to the secretion of 
various egg envelopes. 
The miniature eggs are produced only 
when the bird is in active laying condition and is 
actually ovulating. 
-114- 
Explanation of Plates 
Plate I. 
Fig. 1. Three prolate -spheroidal miniature eggs 
with a normal egg for comparison. X 2. 
Fig. 2. Two miniature eggs. One on the left is 





Contents of miniature eggs. 
Fig. 1. In the centre is the yolk covered by broken 
membranes. The dense albumen immediately 
surrounding it is coagulated to form a 
transparent capsule. A white meat spot 
can also be seen outside the capsule. 
Fig. 2. In addition to the yolk in broken meiïibranes 
a few fragments of free yolk are also 
seen in the albumen. 
Fig. 3. Broken membranes covering the remains of 
yolk can be clearly seen in this egg. 
Pieces of free yolk are seen dispersed 
through the thick albumen. 
Fig. 4. Yolk in broken membranes is represented in 
this egg by a horse -shoe shaped structure 
in the centre and a yellowish white 
piece towards the periphery. The 
chalaza -like convoluted cord is formed 
by a collection of mucin fibres. The 
tiny pieces of free yolk can be seen 








Fig. 1. Section of a yolk covered with broken 
membranes. X 10. 
Fig. 2. Section of a yolk covered with broken 
membranes. A thin layer of coagulated 
albumen can be seen at the periphery. 
X 10. 
Fig. 3. Section of a yolk covered with broken 
menibran.es. The layer of coagulated 
albumen is cuite distinct. X 25. 
Pig. 4. Section of a yolk covered with broken 
membranes. Free degenerating yolk can 
also be seen outside the membranes 
embedded in the coagulated albumen. X 15. 
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Fig. 1. A portion of fig. 1 (Plate III). The outer 
of the two membranes covering the yolk is 
the chalaziferous layer and the inner, 
which is thrown into folds, is the 
vitelline naenibrane. X 300. 
Fig. 2. A portion of fig. 4 (Plate III). The 
convoluted membrane covering the yolk is 
the vitelline membrane. 'There is no 
definite chalaziferous layer but the mucin 
fibres can be seen running into the folds. 
X 300. 
Fig. 3. Section of a free piece of yolk with 
albumen coagulated on its surface. X 15. 
lg. 4. A portion of the same section. No membranes 
are seen separating the yolk from the 
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Fig, 1. Broken membranes covered by coagulated 
albumen. X 15, 
Fig. 2. A portion of the same section showing the 
free degenerating yolk embedded in the 
albumen coagulated outside the membranes. 
X 100. 
Fig. 3. Another portion of the same section showing 
the degenerating yolk inside the 




Contents of miniature eggs. 
Fig. 1, The nucleus in this egg is formed by a 
white chalaza -like convoluted cord 
showing thickenings at intervals. 
Fig. 2. A cream -coloured mass situated in the 
whitish central area of the albumen 
forms the nucleus of this egg. 
A tiny white meat spot can also be 
seen in the albumen outside the 
whitish central area, 
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Pig. 1. Contents of a miniature egg showing a 
piece of membrane (Vitelline membrane ?) 
in addition to a number of white meat 
spots. 
Fig. 2. A tiny white meat spot from the same egg 
showing the dispersion of degenerating 
yolk granules through the albumen. 
Fig. 3. A few degenerating yolk granules from the 
same egg (Unstained). X 250. 
Fig. 4. A. few degenerating yolk granules entangled 
in the mucin fibres of a normal chalaza 









Some Observations on the Formation of the 
Hen's Erre with Snecial deference to the 
Chalaziferous Layer and the Chalazae. 
Introduction: 
In connection with investigations on the 
origin of blood and meat spots in the hen's egg 
opportunities arose to examine the ovaries and the 
oviducts of a number of Brown Leghorn birds killed 
from time to time at the Institute of Animal Genetics. 
Occasionally during such examinations immature eggs 
in various stages of formation from different levels 
of the oviduct were obtained. On opening some such 
eggs obtained from the uterus no distinct structure 
resembling the normal twisted chalazae, so conspicuous 
in a laid egg, could be found. These observations, 
in view of the existing confusion in the literature 
with regard to the formation of the chalaziferous 





Pearl and Curtis (1912) stated that the 
yolk during its passage through the magnum region of 
the oviduct acquired its chaiazae, chalaziferous 
layer, the dense albumen and also the inner layer of 
thin albumen. They were, however, doubtful about the 
existence of the last named layer. The outer layer 
of -hin albumen, according to them, was added in the 
isthmus and the uterus by osmosis through the shell 
membranes already formed, 
Surface (1912), in his description of the 
inñrndibulum has described two kinds of epithelial 
cells lining the folds of the mucous membrane, namely 
ciliated and non-ciliated, the former being confined 
to the more superficial parts of the folds. The non - 
ciliated cells, according to him, line the deeper 
parts of the grooves between the folds and he regards 
these as glandular. Consequently the grooves they 
line are named by Surface as "glandular grooves" or 
"gland pouches ". He has also distinguished certain 
other /- 
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other non -ciliated cells in the region of mergence 
of the infundibulum into the magnum and has named 
these as "Unicellular glands ". 
The presence of glands in the infundibulum 
led Surface to suggest that the chalazae and the 
chalaziferous layer are secreted in this part of the 
oviduct. 
Bradley (1928), while confirming Surface's 
statements, has added that Surface's "unicellular 
glands" (his goblet cells) produce a secretion which, 
"from its staining properties, must be looked upon as 
either mucin or something akin thereto ". 
Richardson (1935) showed that the chalazae 
and the chalaziferous layer were secreted in the 
caudal half of the infundibulum and he called this the 
"chalaziferous region" of the oviduct. 
Hansen (1933) found that in the magnum region 
of the oviduct only the very viscid layer of albumen 
was secreted and as he could not see any chalazae till 
the egg had been in the uterus for some time he 
concluded that they were formed in the uterus. He alse 
doubted /- 
-131- 
doubted the observation made by Pearl and Curtis (1912) 
with regard to the taking in of the outer layer of thin 
albumen as such through the shell membranes. According 
to hire, this layer appears as the result of dilution 
of the dense albumen with the watery solution of salts 
diffusing through the shell membranes. 
Conrad and Phillips (1938) confirmed 
Hansen's observations. According to them the layer of 
dense albumen next to yolk becomes more like a fluid 
before the egg reaches the uterus, There, due to the 
rotation of the albumen around the yolk, the mucin of 
this fluid-like gel is segregated to form the 
chalazae and the chalaziferous layer, leaving a much 
more fluid inner thin albumen. They even produced this 
change experimentally. 
Scott and Huang (1941), on the other hand, 
confirmed 3ichardson4 s observation on the formation of 
the chalaziferous layer. The chalazal formation was 
first noted by them in the small end of eggs removed 
,-rom the posterior magnum. 
Material/7 
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Material and Methods 
A11 eggs removed from the various levels of 
the oviduct were carefully examined for the nature of 
the albumen and also for the presence or absence of 
the chalazae. The yolks were then carefully separated 
from the albumen and after being agitated for a few 
minutes in 0.8% normal saline, were immediately fixed 
in Formol Saline. The dehydration was done as usual 
by passing the specimens through up- graded alcohols 
and cedarvood oil was used as a clearing agent. The 
yolks were embedded as such but for sectioning small 
pieces were cut from the two Doles and also from the 
sides. 
Sections were cut 5-6,u thick and stained 
with Delafield's haematoxylin and Eosine technique. 
Thionin blue was also used to differentiate the 
chalaziferous layer from the Yite7, l e membrane. 
Observations: 
A casual observation of all the eggs removed 
from the anterior and mid -magnum region of the 
oviduct shows the yolk to be surrounded by a very 
dense/- 
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dense envelope of albumen only. i;ïo definite 
chalazae can be made out at this stage. Figures 1 and 
2 are the photomicrographs of sections of such yolks 
from the anterior and the mid -magnum region resiec- 
tively. These clearly reveal two membranes 
surrounding the yolk. The outer of these is the 
chalaziferous layer and the inner the vitelline 
membrane. Both the layers can be easily seen even in 
preparations stained with Delafield' s haematoxylin 
ollowed by Eosine. Thionin blue, however, gives the 
best differential results, staining the chalaziferous 
layer a purplish pink and the vitelline membrane a 
Pale blue. It is very difficult, however, to _.reserve 
this stain during dehydration. 
Apparently the eggs from the posterior 
magnum region of the oviduct are also similar to those 
described above. However, on closer observation a 
faint whitish cloud can very often be observed near 
that pole of the yolk which is towards the isthmus. 
Figure 3 represents the section of such a yolk from 
the polar region. Here, in addition to the two 
membranes covering the yolk one can also see a 
cluster /- 
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cluster of fibres outside the chalaziferous layer. 
These fibres, which constitute the whitish clouds 
referred to above, stain with all the mucin stains 
exactly like those o.,-: the chalaziferous layer. These 
are, therefore, nothing but mucin fibres and are the 
precursors of the chalazae. Simultaneously with the 
appearance of the mucin fibres the inner Dyer of 
thin albumen also becomes visible. It can be made to 
flow out by puncturing the envelope of thick albumen. 
Very often the mucin fibres forinin. g the faint whitish 
clouds also flow out with it. 
Figure 4 is a section of that pole of a 
yolk which was towards the isthmus. ïhen this egg was 
removed from the oviduct only approximately one half 
of it was covered by a thin shell membrane while the 
other half, not yet :within the isthmus, was without it. 
This section has been particularly selected to show the 
mucin fibres joining the chalaziferous layer at two 
points. These represent the bases of the chalazal 
core. Even in laid eggs the bases of the chalazae 
can very often be seen to form cap -like structures at 
the/- 
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the two poles of the yolk. 
In the ist1înian eggs faint whitish clouds 
can be made out at both poles of the yolk. The inner 
layer of thin albumen is also present in these eggs. 
The thick albumen is still cuite dense and no definite 
outer layer of thin albumen c:.n be seen. 
Figure 5 represents the contents of a shelled 
egg from the uterus. Here the outer layer of thin 
albumen is also quite conspicuous. The chalazae 
towards the narrower end of the egg is larger than 
that in the other. The normal twisting of the 
eiialaza.e is still not very distinct. 
Discussion: 
According to Ccnrad and Phillips (1938) the 
layer of dense albumen next to the yolk becomes more 
like a fluid before the egg reaches the uterus. 
There, due to the rotation of the albumen around the 
yolk, the mucin of this fluid -like gel is segregated 
to form the chalaziferous layer and the chalazae. On 
the other hand it has been clearly shorn in the 
:_jresent study that the chalaziferòus layer is to be 
found /- 
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found even in eggs removed from the anterior magnum 
region. 
As early as 1895 I itrophanow described the 
envelope of yolk as consisting of two layers - an 
internal or the vitelline membrane and an external or 
the albuminous layer. The presence of blood spots in 
between the two layers led iiitroohanoj to suggest that 
the external albuminous layer (chalaziferous layer) 
was secreted in the oviduct. 
L caillon (1910,a and b) thought that the 
external layer was completed before the egg reached 
the oviduct but later on (1910e) he modified his view 
in favour of that of kiitrophanow (1898). 
Surface (1912), Bradley (1928), 2ichardson 
(1935) and Scott and Huang (1941) have all presented 
evidence that the chalaziferous layer is secreted in 
the posterior portion of the infundijulurm to which the 
name "chalaziferous region" of the oviduct was given 
by 1-ichardson (1935). It has not been possible to 
confirm their observations directly as eggs from the 
"chalaziferous region." were not obtained. However, 
from 
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from the present observations and in the light of 
previous work it can be concluded that this layer is 
secreted in the posterior portion of the infundibulum, 
the true''chalaziferous region" 
It would not be out of place to mention here 
the work of Burmester and Card (1939). They removed 
sections, 2 -7 cm. long, from the " chalaziferous region" 
of the oviduct and reported that such resection was 
conducive to the formation of dwarf or yolkless eggs. 
It could be suggested that as no chalaziferous layer 
was secreted, due to the absence of this particular 
region, the delicate vitelline membrane could not 
remain intact while passing through the narrow oviduct. 
The yolk, thus set free, was either pushed back into 
the body cavity perhaps by antiperistalsis or was 
included in the dwarf eggs. 
As already pointed out by Burmester and Card 
(1939) that the resection of the " chalaziferous region" 
did not have any significant effect in decreasing the 
weight of the chalazae, Scott and Huang (1941) also 
showed that the quantity of mucin secreted in that 
region. could not ?possibly form the chalazae. These 
are, according to them, formed by the mucin secreted 
in /- 
in the magnum region. These observations have been 
confirmed in the present study. Figures 3 and 4 
show clearly that the mucin fibres secreted in the 
magnum region are added on gradually to the chalazi- 
ferous layer at the two poles of the yolk and these 
constitute the material for the chalazae. The normal 
twisting of the chalazae (Almquist, 1936) is seen only 
after the egg has been in the uterus for some time. 
This results from the rotation of the thick albumen 
around the yolk as already proved e1:perimentaliy by 
Conrad and Phillips (1936). It may also be pointed 
out here that in the miniature eggs where, due to the 
absence of the normal yolk, the thick albumen does not 
find anything to rotate around, the normal chalazae 
are absent. 
It is now a well established fact that the 
muer layer of thin albumen is present long before the 
egg reaches the uterus. Almquist (1936) suggests that 
it probably results from syneresis of a part of the 
dense albumen as dilution of this with water or a 
watery solution cannot account for the formation of 
this layer. To support his view he also quotes 
Almquist and Lorenz (1933) and Romanoff (1929), 
according to whom, the inner layer of thin albumen has 
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a higher solids content than that of the dense 
albumen or outer layer of thin albumen. The 
chalaziferous layer, -.ccording to them, has even a 
still hiher solids content. 
Conrad and Phillips (1938) state that the 
dense albumen just near the yolk becomes more like a 
fluid before the egg reaches the uterus. This results 
not from the chemical destruction of mutin but by the 
breaking down of the gel structure. They could not, 
however, decide whether this change was brought about 
by some mech _nic7l action of the oviduct or by the 
presence of chemical agents. 
Scott and Huang (1941) noted that the 
staining reaction of the layer nearest the yolk 
changed gradually during egg formation. They, there - 
fore, ascribed this change (from the gel to the 
suspension of mucin fibres) to the presence of some 
chemical agent. 
It is also cuite possible that the inner 
layer of thin albumen may be secreted as such by the 
anterior magnum region of the oviduct as would arrear 
from the work of Asmundson and Y3urmester (1936). The 
resection of 7.8 or 10 cm. from the anterior portion 
of /- 
of the albumen tube resulted in the reduction of 
liquid albumen while the amount and percentage of firm, 
albumen did not show any significant change. The work¡ 
of Cole (1937 and 1938) also points towards the same 
conclusion. He suggests that the number and distribu- 
tion of the mucin fibres determine the condition of a 
particular sample of albumen, He further states that 
the height of the goblet cells which secrete the mucin. 
fibres averages 11.4,u in the anterior portion of the 
magnum, 15.7)2 in the. middle region, 30)u in the 
posterior region and reaches a maximum of 33.9¡u at 
the junction with the. isthmus. 
There is no doubt that the outer layer of 
thin albumen appears only after the shell membranes 
have been formed, :.ut the method of its appearance has 
been the subject of much discussion. 
According to Pearl and Curtis (1912), the 
egg, during its stay In the isthmus and the uterus, 
receives its outer layer of thin albumen by a process, 
of osmosis through the shell meMbrenes. McNally (1934), 
by a study of the amount of various proteins in matur 
and immature eggs found that the former contained more 
of ovoglobulin than t1- e latter. This, according to 
him /- 
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him, is taken in through the shell membranes. 
Hansen (1933) doubted the observation of 
Pearl and Curtis (1912) as, according to him, the 
shell membranes must be impermeable to albumen. This 
doubt originated from the non -diffusion of albumen 
when a shell-less egg was placed in water. He, 
therefore, concludes that only the watery solution of 
salts is taken in after the shell membranes have been 
formed. Indirect evidence presented by Amundson and 
Jervis (1933) and Asmundson and iurnester (1936 and 
1938) is also in support of Hansen's view that no 
appreciable amount of protein enters the egg after the 
formation of the shell membranes. 
Hughes and Scott (1936) found that after an 
egg was laid the greatest increase in ovoglobulin was 
in the inner layer of thin albumen while, according to 
McNally (1934) it should be in the outer layer of thin 
albumen. They suggest that the increase in the amount 
of ovoglóbulin is due to a change in the Solubility of 
the egg white proteins. 
Similarly Scott, Hughes and Warren (1937) 
have presented evidence to show that proteins would not 
pass/7 
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pass from the uterine secretion of low protein concen- 
tration into the egg white of high protein concentra- 
tion through the shell membranes. 
Beadle, Conrad and Scott (1938) have found 
that the uterine secretion is not an albuminous 
solution like that which forms the outer layer of thin 
albumen in a laid egg. The uterine secretion, 
according to themlis a mineral solution made up of 
sodium, calcium and Potassium in the form of chlorides 
and bicarbonates. From an analysis of uterine and 
laic eggs they have concluded that the principal 
additions to the albumen of an egg while it is in the 
uterus, are water, potassium and bicarbonate ions with 
mailer amounts of sodium and chloride ions. 
That water is added to the egg while it 
passes through the isthmus and the anterior uterus has 
also been conclusively proved by Burmester (1940). 
It can., therefore, be safely concluded as 
has already been suggested by Conrad and Scott (1938), 
that the outer layer of thin albumen is formed by the 
inflow of uterine fluid. As the uterine secretion 
diffuses into the egg the soluble proteins of the 
dense albumen come out and increase the solids content 
of /- 
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of the outer liquid layer. 
Summary. 
1. The chalaziferous layer is secreted in the 
posterior portion of the infundibul m, the so- called 
chalaziferous region" of the oviduct. 
2. In eggs removed from the posterior magnum a 
faint whitish cloud of mutin fibres can often be 
observed in that end. of the egg which is towards the 
isthmus. These mucin fibres are the precursors of the 
chalaza. 
3. Simultaneously with the appearance of the 
mucin fibres the inner layer of thin albumen also 
becomes visible. 
4. In the isthmian eggs faint whitish clouds of 
Muein fibres can be seen at both poles of the yolk, 
5. The normal twisting of the chalazae is 
observed only after the egg has been in the uterus for 
some time. This takes place due to the rotation of the 
thick albumen round the yolk. 
6. The outer layer of thin albumen becomes 
distinct only in the uterus. 
7/- 
7, The mode of formation of the inner and the 
outer layer of thin albumen is discussed. 
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Explanation of Plate 
Fig. 1. Section of a yolk from the anterior magnum 
region of the oviduct. X 500. 
Fig. 2. Section of a yolk from the mid -magnum 
region of the oviduct. X 500. 
Fig. 3. Section.of that pole of the yolk which is 
towards the isthmus from an egg obtained 
from the post -magnum region of the 
oviduct. 
Fig. 4. Section of that pole of the yolk which is 
towards the isthmus from an egg obtained 
from the magnum -isthmus junction. 





iïote on An Abnormal Intrafoilicular Ovum, 
Hutt (1939), describing an intrafollicular 
ovum laid by a White Leghorn pullet, stated that it 
consisted of an vnrurtured ovarian follicle containing 
an apparently fully developed ovum. Another remarkable 
point about it was that it came doom the oviduct without 
acquiring the usual egg envelopes namely the albumen, 
shell membranes and the shell. Though references to 
various types of abnormal eggs can be found in 
literature from time to time, the abnormality described 
by Hutt (1939) had not been reported previously 
according to him. 
A somewhat similar egg, but with all its egg 
envelopes was laid at the Institute of Animal Genetics 
by a Brown Leghorn hen (M 456) on the 15th May, 1946. 
This bird was hatched on the 1st April, 1940. She laid 
her first egg on the ist October the same year when 
:he was 163 days old, The record of her egg production 
has been quite normal throughout. She laid 215 eggs in 
her first laying year, 186 in the second, 175 in the 1 
third, 152 in the fourth, 134 in the fifth and 89 in the 
si_ th /- 
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sixth Laying year. She is still alive and has just 
started layin : for her seventh year. From Larch 3rd 
to March 22nd 1947 she has laid 11 eggs. Out of all 
the 964 eggs laid by her so far only two eggs can be 
classed as abnormal. The first of these was laid on 
the 12th March 1942 when the bird was in her second 
Laying year and it was abnormal inasmuch as it 
contained a blood spotted yolk. 
The second abnormal egg which forms the 
subject of this paper was laid by this bird in her 
sixth laying year during which she _produced 89 eggs 
in all. The weight of these eggs varied from 57 to 
67 grammes but the abnormal egg weighed only 46 
grammes and it was, therefore, classed as miniature. 
Though no egg was laid an the preceding and two 
succeeding days yet it was nothing unusual for the 
bird to e :rhibit such periods of rest. Prom its 
shape and outward appearance this egg appeared to be 
outee normal (Plate I, fig. 1). 
When first examined the shell and the 
outer shell membrane at the broad end of the egg had 
already broken and the thickened and dried up tip of a 
blood streak was in view in the air chamber. On opening 
the/- 
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the egg the blood streak, which was covered by a 
whitish membrane, was seen penetrating the egg albumen 
and ending in a solid greyish white mass. Towards the 
outside the whitish membrane covering the blood streak 
seemed to be continuous with the inner shell membrane. 
The albumen was suffused with blood and no definite 
chalazae could be made out. A careful examination of 
the greyish white central mass revealed it to be the 
complete follicle extensively supplied with blood 
vessels. However, when opened the follicle eras seen to 
contain not a normal yolk but a liver -like mass. A few 
pieces of this subst 'nce were fired in 13ouin's and 
sections prepared for histological study with the usual 
Delafield's hasmatoxylin and Eosine technioue. AA 
extensive study of these sections revealed the liver - 
like mass to be mainly made up of red blood corpuscles. 
In some sections, however, the mass of blood cells was 
seen to be covered by a membrane (possibly the vitelline 
membrane) as yolk granules though mixed with blood 
cells could be seen on the other side of it (Plate I, 
fig. 2). The ,presence of cells like those of the 
follicular epithelium lining the membrane at some 
places towards the main mass of blood cells also points 
to/- 
-150- 
to the same conclusion that the membrane in question i4 
the vitelline membrane. It, therefore, ap ars that 
due to some unknown cause copious intrafollicular 
bleeding took place in the follicle at a very early 
stage when it was not even ready for ovulation. This 
bleeding resulted i.n the formation of a blood streak 
and also the central liver-like mass. The whitish 
membrane covering the blood streak was identified as 
the pedicel of the follicle. 
-151- 
E :: 1gnation of Plate 
Fig. 1. (diagrammatic) The contents of the abnormal 
egg. (.A ioroximately natural sire). 
Pig. 2. Section of a piece of the liver -like mass 
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